Introduction
Photoperiod serves as a phylogenetically diverse environmental regulatory cue for the control of reproduction (Farner, 1964) . Mammalian species having seasonally restricted breeding seasons mayT)e classified as long or short day breeders depending upon the duration of photoperiod that initiates reproductive function (Karsch et ai, 1984) . This general classification applies, by conven¬ tion, to the response in the sexually mature (pubertal) animal; however, several reports indicate that the sexually immature (prepubertal) animal may respond differently, often reciprocally. The golden hamster is a long-day breeder; however, the onset of puberty is not regulated by photo¬ period (Darrow et ai, 1980) . Wesson & Ginther (1982) reported that long photoperiod (16 h light) delays puberty in the immature female pony, but hastens the onset of the breeding season in the mature pony. In ovary-intact sheep, short photoperiod administered constantly from birth (Yellon & Foster, 1982) or exogenous melatonin administered 3^1 weeks after birth (Kennaway & 1984) delays puberty in ewe lambs, while short photoperiod (Yeates, 1949; Hart, 1950; Thwaites, 1965; Vesely, 1975) or exogenous melatonin (Nett & Niswender, 1982; Kennaway et al., 1982) hastens the breeding season in mature, ovary-intact ewes and increases circulating concentrations of LH in ovariectomized oestradiol-treated ewes.
Cattle are not considered seasonal breeders in that oestrous cycles are continuous throughout the year even in temperate zones. However, there are times in the life of the animal when photo¬ period has an influence on reproduction, most notably before puberty and after parturition (Hauser, 1984) . Prepubertal heifers exposed to conditions of spring to fall (long photoperiod and increasing temperature) achieve puberty at a younger age than do those exposed to fall to spring conditions (short photoperiods and decreasing temperature) (Hawk et al., 1954; Menge et al., 1960; Roy et al., 1980; Hansen et al., 1981) . Environmental conditions during the fall to spring (Critser et ai, 1983) or short photoperiod (Critser et ai, 1987) 
Hormone assays
The sensitivity of the assays was defined at 90% maximal binding (B0), the intra-and interassay coefficients of variation were calculated from standard curves and quality control samples of different volumes of a serum pool from ovariectomized heifers run in quadruplicate in each assay (Baxter, 1980) . All samples for all hormone determinations were assayed by duplicate and all samples from an animal were run in the same assay. An anti-rabbit gamma globulin serum fraction prepared in sheep was used as second antibody for all protein assays.
L.H. Serum LH concentrations were determined using the RIA developed by Niswender et al. (1969) . The assays were conducted using a rabbit anti-ovine antiserum (GDN No. FSH. Serum FSH concentrations were determined using the RIA developed by Bolt & Rollins (1983) , previously validated in our laboratory (Hansen et al., 1982) . The assays were conducted using rabbit antibovine FSH USDA 5-0122 as first antibody at a final dilution of 1:62 500. The radiolabelled antigen was a highly purified bovine FSH preparation, 125I-labelled USDA-FSH-BP3. Concentrations of FSH were expressed in terms of USDA-FSH-BP3. Serum pools from bulls and ovariectomized animals inhibited binding such that their slopes were not significantly different (P > 0-10) from the standard curve when assayed at volumes of 50 to 400 µ . The intra-assay and interassay coefficients of variation were 8-7% and 12-3%, respectively. Mean ( + s.e.m.) percentage binding was 16-8 + 1-5% and mean ( ± s.e.m.) lower limit of sensitivity was 0-49 + 0-052 ng/tube.
Prolactin. Serum prolactin concentrations were determined using the RIA developed by Forrest et al. (1980) and validated in our laboratory (Schillo et al., 1983) . The assays were conducted using rabbit-antiovine prolactin DJB-7-0330 at a final dilution of 1:1 200000. The radiolabelled antigen was a highly purified bovine prolactin preparation, 12 5I-labelled USDA-bPRL-1 -1. Concentrations of prolactin were expressed in terms of NIADD-Prl-B6. Serum pools from pregnant cows or ovariectomized heifers inhibited binding such that these slopes were not significantly different from the standard curve when assayed at volumes of 10 to 50 µ . The intra-assay and interassay coefficients of variations were 6-7% and 12-9%, respectively. Mean ( +s.e.m.) percentage binding was 37-9 + 7-5% and the mean ( + s.e.m.) lower limit of sensitivity was 012 + 0-02 ng/tube.
Melatonin. Serum melatonin (JV-acetyl-5-methoxytryptamine) concentrations were determined using the doubleantibody radioimmunoassay of Rollag & Niswender (1976) . Rabbit anti-melatonin (antiserum against ¿V-succinyl-5-methoxytryptamine-BSA conjugate) was used as first antibody at a final dilution of 1:300 000. The radiolabelled antigen was a radioiodinated melatonin-tryptamine derivative (7V-3,4-hydroxyphenyl-propionyl-5-methoxytryptamine). Concentrations of melatonin were expressed in terms of a crystalline melatonin preparation (Sigma Chemical Company, St Louis, MO, U.S.A.; Catalog M-5250, lot number 84C-0009).
Samples were extracted using the following procedures: 1-ml samples of serum were pipetted into extraction tubes and~4000 c.p.m. of [3H]melatonin (Ar-[2-aminoethyl-2-3H]-acetyl-5-methoxytryptamine, Ci/mmol; New England Nuclear, Boston, MA, U.S.A.) were added to each tube and incubated overnight at 4°C. Serum was extracted with 10 volumes of chloroform (Burdick and Jackson Lab., Muskegon, MI, U.S.A.) and washed with 1 ml 0-1 M-sodium carbonate buffer (pH 10-25) followed with 1 ml deionized water. The organic phase was then taken to dryness under N2 at 40°C and resuspended in 1 ml phosphate-buffered saline containing 01% gelatin, pH 70. To determine extraction efficiency 200 µ were counted in 6 ml scintillation cocktail (Aquasol, New England Nuclear, Boston, MA, U.S.A.) and 200 µ aliquants were used as sample in the assay. Mean ( +s.e.m.) percentage recovery was 68-9 + 0-3% and the mean lower limit of sensitivity corrected for recovery was 5-2 pg/tube. All samples were run in a single assay. The interassay coefficient of variation was 6-7% and binding was 38-9%.
Cross-reactivity of the antiserum with JV-acetylserotonin, 5-methoxytryptophol, 6-hydroxymelatonin and 5-methoxytryptamine was determined by assaying 6 logarithmic doses (10°t o 106 pg). Relative potencies (pg melatonin/ pg compound at 50% B0) were 2-04 10"3, 201 IO"3, 216 IO"3 and 1-60 "5, respectively. Accuracy of the assay was estimated by adding increasing concentrations of melatonin (2-5 to 1280 pg) to 1 ml of a serum pool from ovariectomized heifers. These samples were extracted and run in duplicate in three separate assays. Recovery was described by linear regression and had a correlation coefficient of 0-998, a slope of 0-978 and a y intercept of 38-491, indicating the endogenous melatonin concentration in the serum pool. Additionally, slopes of standard curves generated from a common set of standards (n = 4) and of standard curves generated from a different set of standards (n = 3) were found not to have significantly different slopes (P > 010).
Statistical analysis
These data acquired by repeated measurements of animals were analysed using a combination of techniques including split-plot ANOVA, Hotelling's T2-tests, polynominal contrasts and one-sided T-tests as previously described (Critser et al., 1987) . Because of the large number of non-independent measurements taken during the frequent sampling period, the tests should be viewed as exploratory.
The 'Pulsar' program developed by Merriam & Wächter (1982) was used in the analysis of the LH, FSH, prolactin and melatonin data from the samples taken at 15-min intervals as previously described (Critser et al., 1987) . This program was designed to identify peaks by calculating a 'smoothed baseline' using a robust locally weighed regression (Cleveland, 1979) , subtracting the actual hormone value from this baseline (residual), and scaling the residual using an interassay standard deviation calculated for each hormone (Baxter, 1980) . The program then recalculates each of the steps excluding values designated as significant deviations from the baseline (peaks).
The number of time points over which the robust regression 'smooth baseline' was calculated was 2 h (8 sample points) for LH, FSH and melatonin and 1-5 h (6 sample points) for prolactin. 
Results
Weekly samples taken at 11:00 h LH. Circulating concentrations of LH were higher (P = 003) in heifers exposed to increasing photoperiod than in those exposed to decreasing photoperiod based on comparison of the overall mean over time (1-4 ± 0-1 vs 0-9 + 0-1 ng/ml; mean ± s.e.m.) (Fig. la) . FSH. Serum concentrations of FSH were not different between heifers exposed to increasing or decreasing photoperiod (1-8 + 0-1 vs 1-5 + 01 ng/ml) (Fig. lb) .
Prolactin. Circulating concentrations of prolactin were higher (P = 004) in heifers exposed to increasing photoperiod than in those exposed to decreasing photoperiod (37-3 + 3-6 vs 25-3 ± 2-6 ng/ml) (Fig. lc) . data not shown) in the dark than in light (1-3 + 0-04 vs 1-2 ± 0-04 ng/ml). In addition these samples show patterns similar to those taken at 11:00 h in that LH concentrations were higher (P =0008) in animals exposed to increasing photoperiod (II and Id) than those exposed to decreasing photoperiod (Dl and Dd) (1-5 ± 004 vs 1-0 ± 004 ng/ml) (Fig. 2a) (Fig. 2b) .
Prolactin. Serum concentrations of prolactin were higher (P = 001) in samples taken in the dark than in light (76-4 + 3-6 vs 52-8 ± 2-5 ng/ml) (Fig. 3) . In addition, similar to the samples taken at 11:00 h, prolactin concentrations were higher (P = 0002) in heifers exposed to increasing photo¬ period (II and Id) and those exposed to decreasing photoperiod (Dl and Dd) (83-5 ± 3-7 vs 460 ± 20 ng/ml) (Fig. 3) . (II and Dl) (1 -2 ± 0-3 vs 1 -0 ± 0-2 ng/ml and 3· 1 ± 0-8 vs 2-0 ±0-5 ng/ml) ( Table 1) .
FSH. Pulses of FSH generally occurred at frequencies of less than 1 per 6 h in the dark. Therefore, the end points of pulse amplitude and duration were not measurable. Baseline concen¬ trations of FSH were not different between animals receiving increasing (II and Id) or decreasing photoperiod (Dl and Dd) (P = 0-73; 1-8 + 0-2 vs 20 + 01 ng/ml or between animals in light (II and Dl) or dark (Id and Dd) (P = 0-77; 1-8 ± 01 vs 1-9 + 01 ng/ml). However, FSH pulse fre¬ quency was higher (P = 009) in the light (II and Dl) (1-5 + 0-5 vs 0-4 + 0-2 pulses/6 h) than in the dark (Id and Dd) ( Table 1) .
Prolactin. Baseline concentrations of prolactin were higher (P = 0-07) and prolactin pulse amplitude tended to be higher (P = 0-14) in animals receiving increasing photoperiod (II and Id; 66-7 ± 5-9 ng/ml and 490 + 4-4 ng/ml) than in animals receiving decreasing photoperiod (Dl and Dd; 38-9 ± 6-4 ng/ml and 32-2 + 6-7 ng/ml) ( Table 1 ). There was a treatment light/dark inter¬ action (P = 002) for prolactin pulse amplitude with the amplitude lower for Group I heifers in the dark and pulse amplitude higher for those in Group D in the dark (Table 1) .
Melatonin. Melatonin had a pulsatile secretory pattern in both treatments (Fig. 4) Tucker (1982) has reported positive effects of increasing photoperiod on prolactin concentrations in the prepubertal and pubertal heifer. However, the positive effect of photoperiod on LH has not previously been demonstrated and suggests a regulatory mechanism for obser¬ vations that puberty is hastened in heifers born in spring and therefore exposed to environmental conditions of increasing photoperiod and temperature (Hawk et al., 1954; Menge et al., 1960; Roy et al., 1980) , or by long photoperiod alone (Hansen et al., 1981) .
Pubertal ovariectomized heifers with or without replacement oestradiol treatment have low concentrations of LH in summer and high concentrations of LH in winter (Critser et al., 1983) . In addition, pubertal ovariectomized heifers with replacement oestradiol have lower concentrations of gonadotrophins when exposed to long photoperiod and higher concentrations of gonadotrophins when exposed to short photoperiod (Critser et al., 1987) .
These observations suggest a reciprocal reproductive response to photoperiod expressed by immature and mature heifers. This kind of reciprocal reproductive response between age and photoperiod has been observed in other species. Wesson & Ginther (1982) reported that long photoperiod (16 h light) delays puberty in the immature female pony but hastens the onset of the breeding season in the mature pony. In sheep short photoperiod administered constantly from birth (Yellon & Foster, 1982) or exogenous melatonin administered 3^1 weeks after birth (Kennaway & Gilmore, 1984) delays puberty in ewe lambs, while short photoperiod (Yeates, 1949; Hart, 1950; Thwaites, 1965; Vesely, 1975) or exogenous melatonin (Nett & Niswender, 1982; Kennaway et al., 1982) (Forrest et al., 1980; Rahe et al., 1980; Walters & Schallenberger, 1984; Walters et ai, 1984; Critser et al., 1987) . Higher concentrations of prolactin in Group I heifers sampled weekly were associated with higher prolactin pulse frequency. This is consistent with findings that pubertal heifers have higher weekly prolactin values and prolactin pulse frequencies (Critser et al., 1987) . Higher LH concen¬ trations in Group I were not associated with a change in any of the pulsatile characteristics. This differs from pubertal heifers in that higher LH concentrations were associated with both increased baseline and pulse amplitude (Critser et al., 1987) . Schillo et al. (1983) reported differences in the pulsatile secretory patterns in prepubertal and pubertal heifers, indicating that photoperiod may control the ontogeny of the gonadotrophin 'pulse generator'.
Melatonin concentrations were higher in heifers receiving decreasing photoperiod and in all animals when samples were taken in the dark. Elevated serum concentrations of melatonin in the dark are consistent with previous reports for cattle (Helund et ai, 1977; Martin et ai, 1983 ) and sheep (Rollag & Niswender, 1976) . Rollag & Niswender (1976) found circulatory concentrations of melatonin in sheep to be 10-30 pg/ml during periods of light and 100-300 pg/ml during periods of dark. Using the same assay, Hedlund et al. (1977) found plasma levels of melatonin in calves to bẽ 20 pg/ml in the light and~120 pg/ml in the dark. In the current study, samples taken in the light contained 40-60 pg melatonin/ml while those taken in the dark were 80-120 pg/ml. We have no explanation why the present results show a smaller difference in melatonin concentrations between daytime and nighttime values (2-3-fold rather than 6-10-fold). Arendt et al. (1981) have reported significant variation in the magnitude of nighttime melatonin amongst individual ewes, and it may be that the individual heifers used in this experiment were, on average, low responders. Alternatively, the dim red light used to aid in the collection of nighttime samples may have 'dampened' the nocturnal melatonin rise, although the use of red light is common to many studies with sheep (e.g. Bittman et al., 1983) and to the best of our knowledge dampening effects have not been previously suggested.
In addition, the current study found melatonin to be secreted episodically. Episodic release of melatonin has been reported for horses (Sharp & Grubaugh, 1983) and sheep (Bittman et al., 1983) but pulsatile patterns have not been previously reported for the cow. Differentiation of baseline values versus pulsatile values of melatonin revealed that it was not melatonin baseline which differed between treatment group (I versus D) or between the light and dark sampling times. Rather, melatonin pulse amplitude was higher in the decreasing photoperiod group and in samples taken in the dark. This observation of pulsatile secretion and the observation that pulse amplitude varies with daylength and scotophase and photophase may be important to further elucidation of the mechanisms of action for this hormone and its influence on gonadotrophin concentrations. Although constant infusions of melatonin in sheep produce physiological effects on reproduction (Karsch et al., 1984) , the observation that melatonin is secreted in a pulsatile manner may be of importance to experiments in which exogenous melatonin is administered, as the pattern of administration has been shown to alter the response to other hypophysiotrophic hormones such as GnRH (Blake et ai, 1980 
